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This pa per dis cusses the pos si bil ity of ap ply ing the F-test and dou ble t-test in prob lems re -
lated to the iden ti fi ca tion of num ber of ra dio ac tive iso topes in a con tam i nated area by us ing
only coun ters for ra di a tion de tec tion. The de scrip tions of the F-test and the dou ble t-test are
given along with the cor re spond ing tab u lar val ues that en able their im ple men ta tion. Fi nally,
the ex per i ment is pre sented via two ra dio ac tive sam ples. The re sults of the ex per i ment were
treated in the man ner pro posed in the pa per and sat is fac tory re sults were ob tained.
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IN TRO DUC TION
The de vel op ment of math e mat i cal al go rithms,
no mat ter how com plex they might look, en ables us to
quickly adopt ad e quate con clu sions on a sta tis ti cal be -
hav ior of ran dom vari able. Since the en vi ron ment is
in creas ingly con tam i nated by elec tro mag netic and
par ti cle ra di a tion, one of the most im por tant tasks, in
the field of ra di a tion pro tec tion, is to iden tify the
sources of ra di a tion.
This im plies ra di a tion de tec tion and the de ter mi -
na tion of the source of ra di a tion. It is par tic u larly im -
por tant to de ter mine the num ber of ra di a tion sources
and sep a rate the ef fects of ir ra di a tion re lated to the
par tic u lar source in a con tam i nated area. This is of par -
tic u lar in ter est for the proper func tion ing of elec tronic
sys tems in ar eas ex posed to ra di a tion [1-3].
The field of ra di a tion pro tec tion of ten in volves
the de tec tion of nu clear ra di a tion in con tam i nated en -
vi ron ments. Such mea sure ments are used to de ter mine 
whether there is a ra dio ac tive source (one or more) in
or der to elim i nate its ef fect in the pro cess of de con tam -
i na tion. How ever, in prac tice, the in ves ti gated area is
fre quently con tam i nated with sev eral ra dio ac tive
sources [4, 5].
For this rea son, it is use ful to de velop a math e -
mat i cal method that can de ter mine whether the de -
tected ra di a tion co mes from one or sev eral sources.
The aim of this pa per is to de velop an al go rithm for es -
tab lish ing two or more nor mally dis trib uted pop u la -
tions of nu clear count ing re sults that orig i nate from
one or more of the ra dio ac tive sources by us ing only
ra di a tion coun ter as a de tec tor [6, 7].
COM PAR I SON OF EM PIR I CAL
VARI ANCE AND MEAN VAL UES
To de ter mine if two nor mally dis trib uted pop u la -
tions orig i nate from a ra dio ac tive source in volves prov -
ing the sta tis ti cal equal ity of their vari ances and mean
val ues. An F-test is used for the com par i son of vari ances
and a dou ble t-test for the com par i son of mean val ues.
The ba sis of the F-test is F-dis tri bu tion, de fined
in the fol low ing way: if y and z are in de pend ent vari -
ables that have c2 dis tri bu tion with de grees of free dom 
m1 and m2, the ra tio X y m z m= ( / ) ( / )1 2  is the F-dis -
tri bu tion with de grees of free dom m1 and m2. Its prob -
a bil ity den sity func tion is de scribed as fol low ing
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where B r s x x xr s( , ) ( )= −− −∫ 1 101 1 d  rep re sents a Beta
func tion.
The prob a bil ity den sity func tion char ac ter is tic is 
given in fig. 1 with m1 and m2 de grees of free dom as
pa ram e ters. Ta ble 1 shows quantiles q of F-dis tri bu -
tion Fm m q1 2; ;  [8, 9].
The ba sis of the dou ble t-test is t-dis tri bu tion,
which is de fined in the fol low ing way: if y and z are in -
de pend ent ran dom vari ables, and if y has a nor mal dis -
tri bu tion N (0; 1), and if z has a c2 dis tri bu tion with m
de grees of free dom, the quo tient x = y/(2/m)1/2 has a
t-dis tri bu tion with m de grees of free dom. In ad di tion,
the quo tient of the two in de pend ent vari ables hav ing a
nor mal  N  (0; 1) dis tri bu tion has a t-dis tri bu tion with 
m = 1 de grees of free dom. The prob a bil ity den sity
func tion of the t-dis tri bu tion is
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The prob a bil ity den sity func tion of the t-dis tri -
bu tion is shown in fig. 2. Quantiles tm;q. of t-dis tri bu -
tion are given in tab. 2.
The com par i son of the two em pir i cal vari ances
in the F-test is per formed on the ba sis of the fol low ing
hy poth e ses: the vari ance of two nor mally dis trib uted
pop u la tions s x
2  and s y
2  rep re sented by the size of two
sam ples ux and uy; the em pir i cal sx
2  and  sy
2  vari ances
are equal if s sx y
2 2
= . To test the hy poth e sis the size
taken is 
t s
s
x
y
=
2
2
(3)
where x and y have to be cho sen so that s sx y
2 2≥ .
The crit i cal value of Fm m q1 2; ;  is based on tab. 1,
from the F dis tri bu tion, as a quantile with a de gree of
free dom  m1  =  nx – 1  and  m2  =  ny  –  1, and an or der of
q = 1 – a/2 (dou ble t-test at a level of sig nif i cance).
The hy poth e sis is dis carded if t > Fm m q1 2; ; .
The com par i son of the mean val ues, by us ing the 
two dou ble t-tests, is based on the fol low ing hy poth e -
ses.
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Ta ble 1. Quantiles q of F-dis tri bu tion Fm1;m2;q
m2
m1
6 8 10 13 16 20
(a) q = 0.95
6 4.28 4.15 4.06 3.98 3.92 3.87
8 3.58 3.44 3.35 3.26 3.20 3.15
10 3.22 3.07 2.98 2.89 2.83 2.77
13 2.92 2.77 2.67 2.58 2.51 2.46
16 2.74 2.59 2.49 2.40 2.33 2.28
20 2.60 2.45 2.35 2.25 2.18 2.12
(b) q = 0.975
6 5.82 5.60 5.46 5.33 5.24 5.17
8 4.65 4.43 4.30 4.16 4.08 4.00
10 4.07 3.85 3.72 3.58 3.50 3.42
13 3.60 3.39 3.25 3.11 3.03 2.95
16 3.34 3.12 2.99 2.85 2.76 2.68
20 3.13 2.91 2.77 2.64 2.55 2.46
Fig ure 1. Prob a bil ity den sity func tion char ac ter is tic
fF(x) of F dis tri bu tion with m1 and m2 de grees of free dom
as pa ram e ters
Fig ure 2. Prob a bil ity den sity func tion ft(x) of
 t – dis tri bu tion with de grees of free dom m as pa ram e ter
Ta ble 2. t-dis tri bu tion quantiles tm;q
m
Quantiles tm;q
q = 0.95 q = 0.975 q = 0.99
1 6.31 12.7 31.8
2 2.92 4.30 6.96
3 2.35 3.18 4.54
4 2.13 2.78 3.75
5 2.02 2.57 3.37
7 1.89 2.36 3.00
9 1.83 2.26 2.82
14 1.76 2.14 2.62
19 1.73 2.09 2.54
24 1.71 2.06 2.49
40 1.68 2.02 2.42
120 1.66 1.98 2.36
4 1.64 1.96 2.33
The two mean val ues mx and my nor mally dis trib -
uted with a pop u la tion of the equal vari ance (as sum ing 
a dou ble t-test does not dis card the F-test), which can
as sume a size of the two sam ples nx and ny, the mean
val ues x and y, and em pir i cal vari ances sx
2  and sy
2 ,are
equal to mx = my.
To test the hy poth e sis, the size taken is
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The crit i cal value of tm;q is ob tained on the ba sis
of tab. 2, de gree of  free dom  m  = nx + ny – 2  and or der
q = 1 – a/2 (two-sided test at a sig nif i cance level). The
hy poth e sis is re jected if t m q> t ;  [10, 11].
EX PER I MENT
 A ra dio ac tive source was placed in the lab o ra -
tory (137Cs). Af ter that, 21 pulse mea sure ments with
the GM coun ter were per formed at in ter vals of 5 min -
utes. The pro ce dure was then re peated, with the ex cep -
tion that, in the lab o ra tory, an other source of ra di a tion
was added (241Am) [12, 13].
RE SULTS AND DIS CUS SION
At first, two mea sure ments of em pir i cal vari -
ances s1= 64,4 and s2 = 57,8 of two nor mally dis trib -
uted pop u la tions were ob tained. Since s1 > s2 then 
s s s s n nx y x1
2 2
2
2 2
1= = =, , , n1= nx and n2 = ny. On the ba -
sis of ex pres sion (3), the test sta tis tic t = 1.24 is
ob tained. The hy poth e sis has been tested at a sig nif i -
cance level a = 0.05 (q = 0.975) with m1 = m2 = 20.
From tab. 1, a crit i cal value F20;20;0975 was ob tained.
Hav ing that 1.24 < 2.46, the hy poth e sis that these two
sam ples were ob tained from pop u la tions with the
same vari ance can not be re jected.
As al ready men tioned, there was no re jec tion of
the hy poth e sis on the ba sis of the F-test that was per -
formed. The hy poth e sis of equal ity of the mean val ues
was then val i dated by the dou ble t-test. On the ba sis of
ex pres sion (4) and the fact that the mean val ues are
2980 and 3032, and that the vari ance can be con sid -
ered the same, a test sta tis tic that equals 1.12 was ob -
tained, while crit i cal value t40;0.975 = 2.02 is taken from
tab. 2.
Con sid er ing that 1.12 < 2.02, the hy poth e sis
can not be re jected. The sam ples are there fore ob tained 
from the pop u la tion dis trib uted in the same man ner.
Fur ther, the mea sure ments of two sam ples with two
ra di a tion source in cluded were taken. Through mea sure -
ments of two sam ples, vari ances s1 = 130.37 and s2 = 68.9
were ob tained with the mean val ues be ing 3120 and 2310.
Since s1 > s2 then  s s s s n nx y x1
2 2
2
2 2
1= = =, , , and n2 = ny.
On the ba sis of ex pres sion (3), a test sta tis tic t = 3.58 is ob -
tained. If the hy poth e sis is tested at a sig nif i cance level of  
with m1 = m2 = 20, from tab. 1 the crit i cal value F20;20;0975
= 2.46 is ob tained. Since, 3.58 > 2.46, the hy poth e sis that
these two sam ples were ob tained from the same pop u la -
tion can be re jected.
CON CLU SION
The pro posed method of ap ply ing the F-test and
dou ble t-test pro vides a sim ple ex per i men tal pro ce -
dure and an even sim pler method of math e mat i cal sta -
tis tics as a ba sis for de ter min ing the num ber and type
(un der cer tain con di tions) of ra dio ac tive iso topes that
have con tam i nated a fa cil ity or an area.
The pro posed method could, in ad di tion to these
ap pli ca tions, find use in other, sim i lar ar eas of do sim e -
try and ra di a tion pro tec tion.
AC KNOWL EDGE MENTS
The Min is try of Ed u ca tion, Sci ence and Tech no -
log i cal De vel op ment of the Re pub lic of Ser bia sup -
ported this work un der con tract 171007.
AU THOR CON TRI BU TIONS
The o ret i cal anal y sis car ried out by Dj. R.
Lazarevi} and M. D. Obrenovi}. Sim u la tions and cal -
cu la tions were car ried out by Dj. R. Lazarevi} and I. S.
Fetahovi}. All au thors an a lyzed and dis cussed the re -
sults. The manu script was writ ten by Dj. R. Lazarevi}
and M. D. Obrenovi}, and the fig ures and ta bles were
pre pared by Dj. R. Lazarevi}.
REF ER ENCES
[1] Marjanovi}, N., et al., Ef fects of Heavy Ion Bom bard -
ment on TiO2 Memristor Op er a tion, Ra di a tion Ef fects 
and De fects in Sol ids, 166 (2011), 1, pp. 1-7
[2] Doli}anin, ]. B., et al., Sta tis ti cal Treat ment of Nu -
clear Count ing Re sults, Nucl Technol Radiat., 26
(2011), 2, pp. 164-170
[3] Cavri}, B., et al., Ra di a tion Hard ness of Flash Mem -
ory Fab ri cated in Deep-Submicron Tech nol ogy, In -
ter na tional Jour nal of Photoenergy, Vol. 2013, 2013,
Ar ti cle num ber 158792
[4] Holmes-Siedle, A. Ad ams, L., Hand book of Ra di a -
tion Ef fects, Ox ford Sci ence Pub li ca tion, Ox ford,
UK, 1993
[5] Pejovi}, M. M., et al., Ex per i men tal In ves ti ga tion of
Break down Volt age and Elec tri cal Break down Time
De lay of Com mer cial Gas Dis charge Tubes, Nucl
Technol Radiat, 27 (2012), 4, pp. 341-345
[6] Doli}anin, D., Pu}i} D., Stankovi}, K., Ap pli ca tion of 
mixed Multi pli ca tive Sta tis ti cal Dis tri bu tions in De -
Dj. R. Lazarevi}, et al.: Com par i son of the Em pir i cal Vari ances and Mean ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2014, Vol. 29, No. 4, pp. 285-288 287
sign ing Vac uum In su la tion Sys tems, Vac uum, 100
(2014), pp. 7-10
[7] Hauschild, W., Mosch, W., Sta tis ti cal Tech niques for
High volt age, Eng lish edi tion, Pe ter Peregrinus Ltd,
Lon don, 1992
[8] Osmokrovi}, P., et al., De ter mi na tion of Pulse Tol er a -
ble Volt age in Gas-In su lated Sys tems, Jap a nese Jour -
nal of Ap plied Phys ics, 47 (2008), 12, pp. 8928-8934
[9] Deki}, S., et al., Con di tions for the Ap pli ca bil ity of
the Geo met ri cal Sim i lar ity Law to Im pulse Break -
down in Gases, IEEE Trans ac tions on Di elec trics and
Elec tri cal In su la tion, 17 (2010), 4, pp. 1185-1195,
Ar ti cle num ber 5539689 
[10] Stankovi}, S. J., et al., MSV Sig nal Pro cess ing Sys -
tem for Neu tron-Gamma Dis crim i na tion in a Mixed
Field, Nucl Technol Radiat, 27 (2012), 2, pp. 165-170 
[11] Stankovi}, K., et al., Sta tis ti cal Anal y sis of the Char -
ac ter is tics of Some Ba sic Mass-Pro duced Pas sive
Elec tri cal Cir cuits Used in Mea sure ments, Mea sure -
ment: Jour nal of the In ter na tional Mea sure ment Con -
fed er a tion, 44 (2011), 9, pp. 1713-1722
[12] Vujisi}, M., et al., Ra di a tion Hard ness of COTS
EPROMs and EEPROMS, Ra di a tion Ef fects and De -
fects in Sol ids: In cor po rat ing Plasma Sci ence and
Plasma Tech nol ogy, 165 (2010), 5, pp. 362-369
[13] Stankovi}, K., Osmokrovi}, P., The model for Cal cu -
lat ing the Type a Mea sure ment Un cer tainty of GM
Coun ters from the As pect of De vice Min ia tur iza tion,
IEEE Trans ac tions on Nu clear Sci ence, 61 (2014), 3,
pp. 1316-1325, Ar ti cle num ber 6819052
[14] Stankovi}, K. D. , In flu ence of the Plain-Par al lel
Elec trode Sur face Di men sions on the Type a Mea -
sure ment Un cer tainty of gm Coun ter, Nucl Technol
Radiat, 26 (2011), 1, pp. 39-44
Re ceived on Sep tem ber 12, 2014
Ac cepted on No vem ber 29, 2014
Dj. R. Lazarevi}, et al.: Com par i son of the Em pir i cal Vari ances and Mean ...
288 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2014, Vol. 29, No. 4, pp. 285-288
\or|e R. LAZAREVI], Marija D. OBRENOVI],
Irfan S. FETAHOVI], Predrag V. OSMOKROVI]
PORE\EWE  DOBIJENE  EMPIRIJSKE  VARIJANSE  I  SREDWIH  VREDNOSTI 
NORMALNO  RASPODEQENIH  POPULACIJA  NUKLEARNOG  ODBROJA
U radu se razmatra mogu}nost primene F-testa i t-duplog testa u problemima vezanim za
identifikaciju broja radioaktivnih izotopa, koji se nalaze u kontaminiranim podru~jima, kada se
za detekciju zra~ewa koriste broja~i. Opisi F-testa i t-duplog testa su dati zajedno sa
odgovaraju}im tabelarnim vrednostima koje omogu}avaju wihovo sprovo|ewe. Eksperiment je
sproveden sa dva radioaktivna izvora. Rezultati eksperimenta su tretirani na na~in predlo`en u
samom radu pri ~emu su dobijeni zadovoqavaju}i rezultati.
Kqu~ne re~i: nuklearni odbroj, F-test, t-dupli test, varijansa
